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Abstract 


Some ecological characters of adults and larvae of four cara- 
bid species were studied at George Lake, Alberta, during 1968 and 
1969. The characters were habitat preferences, seasonal activity 
and distribution patterns, daily activity rhythms, oviposition sites, 
and overwintering stages. The species were: Patrobus stygicus 
Chaudoir, P. lecontet Chaudoir, P. foveocollis Eschscholtz, and P. 
septentrionts Dejean. The other North American species, P. longicornts 
Say and P. fosstfrons Esch were compared with the George Lake sacks: 
Patrobus stygtcus, P. foveocollts and P. septentrionis overwintered 
as larvae and adults. Patrobus lecontet overwintered only as larvae. 

Larvae and adults of P. foveocollts were least hygrophilous 
and ranged from forest clearings through forest margins, sedge 
meadows, to Saltx habitats, adjoining the marshes. Larvae and adults 
of P. stygtcus were most hygrophilous and extended from forest margin 
through shallow marsh to the lakeside. Patrobus lecontet larvae and 
adults extended from forest margin to shallow marsh. Adults of P. 
septentrtonts occurred mostly in sedge meadows, and their larvae 
were not found. Individuals of this species were rare in comparison 
with those of the other Patrobus species at George Lake. The ranges 
of spatial distribution of the carabids were greatest during their 
main periods of activity between May and September, and September 
and November for adults and larvae respectively. The ranges were 
least prior to and just after overwintering, their periods of low 


activity. During the latter periods the carabids tended to aggregate 
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together in drier habitats. 

Some aspects of the comparative ecology of the four Patrobus 
species at George Lake are discussed under taxonomic characters, 
habitat occupation and life history features. Of the latter, adults 
of P. lLecontet were characterized by rapid development of sexual 
maturity and short life, while adults of P. stygtcus had a longer 
adult pre-reproductive period and longer life. The possible evolu- 
tionary significance of life history features and their consequences 


are discussed for the six North American Patrobus species. 
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Lasteoreficures 


George Lake field station showing wet habitats 
anGmstudy areas =m. were ce ee ee. Gh OTE, 

Wet study areas, including 45 and 46, adjoining 
parts of the main marshes . 

Marsh I (station 22N) showing pupal emergence 
sites, trap systems, areas of waterlogged soil 


and standing water in 1968 and 1969 . 
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1; “Introduction 


Little of the natural history of the majority of North 
American carabids is yet known (Ball, 1960). In contrast the 
natural history and taxonomy of many European carabids is well 
known, and a number of laboratory and field studies have been done. 
Lindroth (1949) and Krogerus (1948) made extensive laboratory 
studies of preferenda and determined factors which lead to dif- 
ferential habitat selection of different species. Lindroth (1949) 
also combined a microclimatic and laboratory study and investigated 
factors that influenced the distribution of some closely related 
carabids of chalk grassland. More recent studies of preferenda 
(e.g. Thiele, 1964; Paarmann, 1966) and a number of comparative 
ecology ones followed. Of these latter, that of Van der Drift 
(1951) was one of the first. He sampled beech forest carabids 
mainly by pitfall trapping. Grtim (1962) and Greenslade (1964) used 
pitfall trapping with mark and recapture to study populations of 
some forest carabids. 

However no worker has made an intensive study of the com- 
parative ecology of a group of closely related carabid species, 
for example from the same subgenus, in an attempt to define eco- 
logical and behavioural characters which are useful in taxonomy 
and phylogeny. 

Some aspects of the comparative ecology of populations of 
a group of fairly closely related carabids which frequent wet 


boreal habitats are considered. These populations live in the 












iteoY o-veivotan eft Yo vrotetd lantern off Yo else 
eft teettaoo of roaer tse) mond toy 2k ehidetes mao bers \ 


[lew at ebidaxes nyse vind to mleroxns bas vrotatd Fem ten 
- 


eral) naosd aved eetbute bist? bean rroteorodst to von & bee cee 


: ; a 7 Wi 
viotetadel svitenetxs 4! ’ (} siprenoty bre (60D ‘tot 
| 7 


+H) ot Deol doidw erotont Lomtoreteb baa shaereteta to 2oRnaae 
a aw _ 
(ONOT) Aeorliekl .eofeace toorott th t6 mottoslo2 tetided [ol ine 70% 
k oe 
Fy PED Se os Vv or brits ‘s ‘Ss =, hare wey te DETR rt fyerro tree B here tated oals . 
i a 
ae 
inter yiedols emoz to noitiudinteth oft beoneulink Ian? Stemoee 
7 tag 


} . ‘ ' re ~ , ne 
” mt to. 20! FMOD9T 8Te" MIBLZSETo 3 fais to 2b ante. 
' 7 











an Or me oe 
oq2 bidserso bots! > feaeolo, to. otro 






“ye 





- -o9e wtiteb ot tometis op nt , cucsedue omee sft mos oIqmexa Toi 
. o 










i Fa i . ro -_ “ ; a : a : 
we NMOnOKeT af liftseu ore ploidy eiotyeted: letuotyefead bite Is: iwot 
- } ots | 


7 


. 





L 7 ‘ : or 7 oNMOQO MTS 
a a ae a ee ee Pek 
rea ae cs aa Soa to ¥20 oor BIVETAT ROT "A ott 3 0 : ¢ 2 7 
5, _ 









” 
vicinity of George Lake, Alberta and are of Patrobus stygicus Chaud., 
P. leeontet Chaud., P. septentrionts Dej., and P. foveocollts Esch. 

The lack of comparative studies of carabids of wet habitats 
is in part due to sampling difficulties (Murdoch, 1966a) and to the 
poor state of the taxonomy of larvae of many genera (Lindroth, 1969). 
This is exemplified by the poor state of knowledge of populations 
of Patrobus species. Darlington (1938) and Lindroth (1961) included 
ecological notes on the six North American species in their taxonomic 
papers, but the biology of none of these species is known in detail. 
Only one of these species, P. septentritonts, is holarctic in distri- 
bution. Larsson (1939) and Murdoch (1967) summarized data about the 
life histories of the Palearctic P. septentrionts and P. atrorufus 
Stroem, and Larsson (1959) did likewise for the Icelandic form of 
P. septentrionts. Thiele (1964) studied factors which affected the 
distribution of larvae and adults of German P. atrorufus, mainly by 
a laboratory study. 

The objectives of this study were to define ecological char- 
acters which are useful in taxonomic and phylogenetic studies of 
closely related species and to determine how closely related species 
use the resources of a restricted area. To achieve this, the local 
distribution of populations of Patrobus species at George Lake were 
compared with respect to life history and habitats, to determine the 
extent to which the distributions of these species were contiguous 
(rather than overlapping) in space and time. 


The following questions were posed. 
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(1) Are local, populations#ofiditferent*speciesathat occur in the 
same general habitats, separated by seasonal activity? 

(2) Tfenot, are they separated in space during their period of 
main activity? 

€3) Does the spatial distribution of carabids vary according to 
time of year? 

Life history features were considered as adaptations (Cole, 1954). 
The evolutionary interpretation of these features and other ecologi- 
cal characters are based mainly on Darlington's (1938) hypotheses 
about the relationships of these species (see 8.) with the exception 
thatoP., fosstfrons and P. stygtcus are regarded as distinct species 


rather than subspecies (see Lindroth, 1961). 
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2. The field station and study areas 


2... Vhertieldestation 


The field station is 53° 57'N and 114° 06'W about 40 miles 
northwest of Edmonton, Alberta. The area lies at the southern 
margin of the boreal mixed forest subzone (La Roi, 1968). Graham 
(1969) described the main vegetation zones. The land of the original 
square mile of property is marked off in grids of 100 metre” (Fig. 1). 
Study areas were located by station numbers which were designated 
by the grid reference of the SW corner of the quadrant(s) in which 


each study area occurred. 


2.2. Main habitat types and study areas 


For the purposes of this study it sufficed to classify wet 
habitats by indicator plant species and to note changes in water 
level within and between years (Elton and Miller, 1954). Wet 
habitats were divided into marsh and transition zones (Fig. 2). 

Marshes. - Most of the marsh study areas were in the main 
marshes which adjoined the lake; one other, Marsh I, was isolated 
and surrounded by forest on all sides. There were two main habitat 
types in the marshes: (a) deep marsh was characterized by a floating 
mat of Typha specimens which extended from the lakeside to shallow 
marsh; this subzone corresponds with reed swamp as defined by Moss 
(1953, 1955); (b) shallow marsh which extended from deep marsh to 


Saltx habitats in the transition zone. It consisted of tussocks of 
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RisalL. George Lake field station showing wet habitats and study 


areas, 


aaa] Wet habitats, transition and marsh zones, 


meam= Fire break, The fire of May 20,1968 was confined 


to the north: of the treldsstation: 


ae Study areas, The station numbers of these study 
areas were designated by the grid reference of the 


S.W. corner of the quadrant(s) in which each occunreds 
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Rigel. Wet study areas, including 45 and 46, adjoining parts 


of the main marshes, 


Soo ce indicates the frontier between shallow marsh and 


deep marsh habitats, 


a5 indicates grid references 
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Carex species among pools; leading dominants included Carex aquatilis 
Wahlenb., and C. rostrata Stokes. Patches of marsh marigold, Caltha 
palustrts L., occurred also. 

Transition zone. - Transition zones were delimited readily by 
(1). shallow marsh on one frontier bordered by Salix habitats; (2) 
forest margins on the other frontier. The main habitat types were 
the following. 
(a) Salix habitats. These ringed the main marshes adjoining the 
lakeside. Specimens of Carex rostrata decreased in abundance where 
the willow growths were more dense. Moss and Carex associations 
occurred in low lying parts. 
(b) Sedge meadows. These extended from Saltx habitats, described 
above, but were isolated in other areas away from the main marshes. 
Hollows and pools abounded in these meadows and growths of Carex 
rostrata or C. atherodes Spreng. were dominant. Dead sedge formed 
litter which ranged from approximately five cm to 15 cm deep. This 
litter occurred in other wet habitats but was deepest in sedge 
meadows. Sometimes, sedge meadow habitats were divided up according 
to whether the vegetation was short Carex or tall Carex. 
(c) Forest margins normally indicated the limit of waterlogged 
soil. Clumps of willows extended into the margins from sedge meadows. 
In more shaded forest margins very dense growths of nettle 
occurred among trees of Aspen temtfolta Nutt. and Populus 
balsamifera L. Forest proper was defined by absence of sedges and 


sedge litter and the presence of leaf litter and humus, about three 
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to five cm deep and four to 10 cm deep respectively. 


2.2.1. Physical differences between years 


Changes in water levels and the limit of waterlogged soil 
were noted within and between years. 

The melt waters from the 1967-1968 winter snows had largely 
gone by mid-June of 1968. Many hollows, waterlogged in spring, 
dried out by that date also. On May 20 a fire started along the 
northern boundary and swept across one sixth of the field station. 
Only one study area used in 1968 (Marsh I) was affected. There 
were periodic rains during June, July and August, but not more than 
one inch fell on any two successive days. Pools which formed 
quickly dried up, and there was no standing water in transition 
habitats in August or September. 

Melt waters from the 1968-69 winter snows persisted through- 
out the summer of 1969. The levels of marsh water in May were 
higher than at any time in 1968. These water levels receded some- 
what and some pools in sedge meadow dried out by late June. 

However more than one inch of rain fell on four separate days in 
July and August, and the water levels in the marshes rose again; 
many parts became flooded. Transition habitats largely became 
waterlogged and the amount of water in pools increased as the 
summer progressed. Further heavy rains in early September caused 


further flooding. 
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2.2.2. otudy areas 


Study areas were selected which included marsh and/or transi- 
tion habitats (Fig. 1). Pitfalls were inserted along line transects 
in marshes, while line transects and grid systems of pitfalls were 
inserted in the main transition habitat types. Quadrats were 
sampled along line transects in the main habitat types. Details 
of sampling methods are included under field sampling. 

The following study areas were sampled: 

(A) Marsh 1 (station 22": Figs, 1 and 3, Table 1). This 
marsh was isolated from the main marshes and was along the northern 
boundary of the field station. The study area was surrounded by 
forest on all sides. 

1968. - The fire on May 20 ringed the study area and cut 
across part of the trap systems. The main emergence sites of tener- 
als of P. stygtcus and P. lecontet were surrounded by standing water 
and were not burnt over. The standing water had gone by the end 
of June and the marsh dried as the summer progressed. 

1969. - The marsh was largely flooded throughout the 1969 
season. Many flooded parts had little litter. The water level 
receded by mid-summer and rose again after heavy rains in early 
August (> four inches) and early September (> three inches). After 
the latter rains only parts of some logs were above water. 

(B) Stations 45, 46, 30, 31, 295, and 22 (Figs. 1 and 2, 
Table 1). The last four were on the south side of the creek. The 


study areas here were classified according to habitat types: 
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Marsh I (station 22N) showing pupal emergence sites, trap 


systems, areas of waterlogged soil and standing water in 


1968 "and 1969. 
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waterlogged soil in June of 1968, Only these part: 


of the study area were not burnt over by the May 


Pier 
encloses area of standing water, May 1969, 


encloses area of standing water, September 1969, 


traps 1968, grid systems A and B, 


traps 1969, line transects, 


pupal emergence sites, 1968 and 1969, 
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ie 
(1) Marsh - MUS 46M 50" and cae That at 31 was less wet and 
more tussocky than the others, in 1968. It was not flooded in 
August of 1969 when study areas in other marshes were. 
(2) Transition zone - (a) Saltx habitats - 451, 461, 301, 311, 
and oe These, habitats had little or no.standing water,in 1968 
and were largely waterlogged by August of 1969. (b) Sedge meadows 
- 45i 461 , 30! | and 31!, Most of the shallow pools in these parts 
driedsoutaby carly.June, 19685) they, were then referred to,as hollows. 
The amount of water in pools in 1969 increased as the season progressed. 


p*** 


(3) Forest margin - 2935ui2 and 4sF/ The last was a trap system 
insa hollow justPinside thes forestimargin. 
(c) Station 41N (Fi gee leeab lew l)siyv-ethis wascaesedge 
meadow between Marsh I and a larger sedge meadow along the northern 
boundary of the field station. Wtiwasieringed by spruce forest on 
all sides. Much of this study area was transition zone which 
extended into spruce forest margin. This study area was burnt over 
by the May fire of 1968 but was not sampled during that year. Like 


other study areas in transition zones large parts of it became 


waterlogged, and hollows filled with water by August, 1969. 


*M stands for marsh habitats. 
**I stands for intermediate (transition) zone habitats. 
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3. Methods 


5, l. = Freldesamp ling 


Information on the sampling program is presented in Table 1. 
The sampling program differed in the two years because of periodic 
flooding of habitats and traps in 1969. Larvae and adults of the 
Patrobus species were rare in comparison with some other marsh 
carabids and much of the sampling had to be by pitfall trapping. 
Hand collections and quadrat counts, particularly in 1969, supple- 
mented trapping. Cryptozoan boards (Cole, 1946) were used in the 
late summer and fall of 1969 to study the dispersal of larvae and 


adults from wetter habitats to drier overwintering quarters. 


3.4.2, Trapping 


Pitfall traps (lip diameter 10 cm) were used from May to 
November of 1968. In the spring of 1969, three quarters of these 
(Table 1) were flooded by the melt waters of the winter snows. I 
inserted 48 eavestrough lengths (hereafter called E-traps) of 
i75xlLOvcm. and 169 °smali pitfallssin May and. June; of 1969 ° (Tabie. 1) 
Heavy rains flooded these traps periodically during the summer and 
all were abandoned in early August. As the only pitfalls operating 
then were those in or near the forest margin, I inserted sufficient 
boards (see below) in two study areas to sample the carabid popula- 
tions. At the end of September, I inserted another 48 small pit- 


falls in line transects extending from the marsh into the Saltx 
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14 
habitats at 45M>! and 10 from the spruce stand into the marshy clear- 
ing at 41N, small traps in eachyofetheylinestransects andsecridesys- 
tems were 2-2.5 metres apart. 

During both summers traps were inspected every three to four 
days. Collections were made every week or two weeks in the fall and 
early winter of both years. 

Where possible I have related pitfall catches to collections 
by other sampling methods. If not, I have restricted the analyses 
of trapping figures to providing presence and absence data, and to 
determining whether individuals were rare or abundant in the same 
or different habitat types. For example, adults of P. lecontet were 
sampled mainly by pitfalls, and only the range of seasonal and re- 
productive activity and the general distribution of adults in dif- 
ferentthabitats arefoutlined: 

Various workers have pinpointed problems associated with 
pitfall trapping of carabids and Southwood (1966:195ff.) summarized 
these problems. In particular, Greenslade (1964) cautioned that 
pitfalls are best used with gonad dissections and with other methods 
of sampling such as hand collections, and then can be "used in com- 
paring fauna of different habitats and for investigating the distri- 
bution of one species in a single vegetation type," and "for the 
qualitative assessment of different carabid faunas, especially when 
many species are restricted to one habitat or another." Other 
workers have indicated further problems associated with pitfall 


trapping of arthropods other than carabids. Joosse (1965), 
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15 
Joosse and Kapteijn (1968) found that catches of surface dwelling 
Collembola were affected by roofs or covers over traps, the digging- 
in effect caused by insertation of traps, and disturbance of trap 
surroundings by collecting from traps. Hayes (1969) found that 
females of sand beach isopods and particularly gravid ones were 
less trappable than males, and suggested that similar biases might 
be found in trapping studies of other organisms. 

Cryptozoan boards. - In August 1969 I placed cryptozoan 
boards (Cole, 1946) systematically in two stations. Large boards, 
of spruce of varying lengths but all 250cm* in area, alternated 
with small plywood ones (10x10cm). Each board was separated from 
its neighbour by a distance of 75cm. An area of vegetation and 
top soil corresponding to each board was cut out and the board 


pressed down in place. The boards were inserted in the following 


stations. 
Station 41N area I two rows of twenty boards each, in the 
sedge meadow. 

Area II two rows of twenty boards each, with half 
extending into a spruce stand and half 
extending into the sedge meadow. 

Station 46 Area III two rows of twenty boards in Saltx 


habitats parallel to the marsh shoreline. 
The nearest row to the marsh was a dis- 
tance of five metres from the water. 


Area IV boards were placed in Salix habitats 
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16 
along the periphery of a rectangle parallel 
to the marsh shoreline. There were four 
sides of twelve boards each. The nearest 
Side to the marsh was 10 metres from the 
water. 

I looked under the boards on August 24, September 12, September 26, 
October 12, and October 20. After the last date many boards: were 
frozen to the soil's surface. Only larvae and adults of Patrobus 
species were collected from under these boards. 

Daily activity studies. - The main periods of daily activity 
of adults of several populations of the four Patrobus species were 
studiedseelo*dofthis Ivcollected from pitfalls every three hours 
during 24-30 hour periods on August 17 and 18, 1968, June 27 and 28, 
and July 9 and 10, 1969. In 1968 collections were made from Marsh 
I. In 1969 collections were made from the tank experiment described 
below, and from the following study areas: (1) station 41N, 10 
E-traps in sedge meadow habitats, (2) Marsh I, five E-traps in 
shallow marsh, (3) 46°, 58 small pitfalls in three pools with little 
standing water in sedge meadow. 

A metal tank 82 x 28 x 15cm. was half filled with sieved 
soil and five females and males of the following were introduced: 

Spring adults of P. stygtcus 
Summer tenerals of P. stygtcus 
Summer tenerals of P. lecontet 


Spring adults of P. foveocollis and 
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early summer adults of P. septentrtonis. 

More specimens may have produced crowding effects. The tank experi- 
ment was adapted from Penney (1965) who measured the general activity 
of carabids kept in large plastic containers in the laboratory. 
Small glass tubes inserted in soil in the tank were used as pit- 
falls. 

Collections were made less frequently during subsequent 
studies from mid-July to early August. I collected three times 
per day at 0600, 1500, and 2100 hours for periods of two to three 
days. These collections were made from 30 pitfalls in deep marsh, 
30 pitfalls and five E-traps in shallow marsh, and 10 pitfalls and 
six E-traps in Saltx habitats. 

Window traps. - Four window traps (Chapman and Kinghorn, 
1955) were inserted by mid-May 1969, and one more on August 21. 


I used 75x75cm sheets of glass. The traps were put in the following 


stations: 
Marsh (shallow) 2 - 45,46, 1 - Marsh I 
Forest margin 1 - 45 
Sedge meadow Ses 


Collections were made every two days from these traps until the 


end of August. 


3.122. Handscollecting 


I collected larvae, pupae and adults of the four Patrobus 


species by hand from May to November of both years. Three methods 
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18 
were used. (1) Treading, I applied sufficient pressure with my 
feet to submerge the marsh vegetation; carabids were collected as 
they came to the water's surface. (2) Litter was sorted in the 
field and the field laboratory. (3) Pieces of peat and bark were 
carefully pulled from hummocks and logs with fine forceps to ex- 
tract late third instar larvae, pupae, and their larval skins for 
rearing. A number of logs were brought to the field laboratory 
for examination by this method. 

Most of these collections were biased but I also systemati- 
cally hand collected per unit time in 1969. In the latter method, 
samples were taken from quadrats, of approximately 0.20cm2, every 
phrecspacessalong: line: transectsuscduring aiperiod of 1.5 — 2-hours, 
This was useful in June and July, but not in August or later when 


the population densities of the Patrobus species were very low. 


5. Poe eOuadrats 


A one metre? frame subdivided by two partitions into four 
squares 0.5 metres on a side was used, alone in 1968, and with a 
hexagonal frame of 0.25 metre side and 0.20m2 in area in 1969. 

In August and September 1969, samples were taken from quadrats of 
0.05cm2 in area in Marsh I. These samples were of necessity small 
because the sampling area consisted largely of fallen trees in 
deep marsh. 

Random numbers were used to fix the position of random 


quadrats along line transects. On other occasions systematic 
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19 
samples were taken at fixed distances along line transects, generally 
three metres, in deep marsh and in situations where large parts of 
the particular study areas were flooded. A number of contiguous 
quadrats were taken in 1969 to measure the dispersion of marsh 


Carabids. 


3.1.4. Mark and recapture 


Individuals were marked by notching the apical portion of 
the elytron or elytra in various meson (Grim, 1959). Mark and 
recapture was discontinued in 1969 as there was considerable emi- 
gration from study areas, when the beetles dispersed from flooded 


habitats. 


5.26 ebxtractaonsor samples 


Samples from random quadrats and hand collections made in 
1969 were extracted by Tullgren funnels. Eight 14 inch and 12 


10 inch diameter aluminum funnels with 25 watt bulbs were used. 


3.3. Age grouping of carabids 


Larvae which overwintered pupated in June and early July 
gave rise to summer adults. Adults which had overwintered to a 
second year were known as spring adults. Of the four Patrobus 
species at George Lake only P. lecontet overwinter solely as larvae. 


Two types of criteria, sclerotization and colour changes in 
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20 
the cuticle and the state of male and female gonads, were used for 
age grouping. 

Sclerotization and colour changes. - The following three age 
Classes of adults of P. styetgus were recognized in the field. (1) 
Teneral adults were characterized by pale coloured soft elytra. 

(2) Adults with soft elytra-had tanned but not hardened cuticle. None 
of the six males and 20 females with soft elytra or eight males and 

16 females with soft elytra dissected in 1968 and 1969 respectively 
were sexually mature. This indicated that adults of P. stygtcus 

with soft elytra were all sexually immature. (3) Adults with hard 
elytra were sexually mature and sexually immature. Pressure was 
aopiecdmconelytra by the points of forceps in testing for hardness. 
Adults were classified as having soft elytra if small depressions 

were caused. 

Adults of P. lecontet were classified into two age groups, 
namely tenerals and others. Individuals of this species became 
sexually mature shortly after completion of cuticular darkening, 
and a number of females with soft elytra carried eggs. Thus, the 
character of soft elytra was not useful for age grouping adults. 

Only the same two age groups of P. foveocollts and P. 
septentrtonts were recognized. 

State of gonads. - Mature males were characterized by large 
accessory glands; mature females had eggs with egg shells (Gilbert, 
1956). The number of mature eggs in field-captured females is an 


estimate of reproductive rate. This assumes that the rate at 
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Pan 
which a female lays eggs is directly proportional to the number of 
mature eggs it contains. This was tested by Briggs (1957) who 
found it to be so with carabids of arable lands. Workers with 
carabids of other habitats (for example, H. Goulet, personal 
communication) have obtained similar results. Also, the following 
support the above assumption: (i) eggs at all stages of develop- 
ment can be seen in breeding females, (ii) the sharp increase in 
the number of mature eggs at the start of the breeding season and 
the relatively constant or gradually increasing numbers throughout 


the season. 





a a val 


| : P Age r ~~ ee 
20 vodmer oft ot Denottrarorq vi toot rh ef egR9 2yal ofnmet 8 MosM 


¢ 


. 2bre 


LeItoet wT . telfiion wit 


ani senecott arena os 


9.8 
ip soenee gihthsard se 


+L [mes rr 


-—— 


‘sewtali vid beteex eav aidT .emtstmeo fF ames 
gidats to 


fomexo rot) etedtided sotto to abt 3 3 19 


t yilnubere vo tretenep vieviteler edt 
: % 









shidetes dtiw de ef of 


wf an 
* . Ps - a) 
voftote | ontetdo ave fete tisk ene 


. (2) tnottgeress ovede oft 37 
, or) 


a 7 
rt nenae od —_ rent 


a foam 4 ty; rheet ' 


° = m 
+ » % ey ts at) 0 y “tit q csitt iy ial i denser ods 


conser aft 
“7 


4. Patrobus stygieus Chaudoir 


General introduction. - Individuals of this species are the 
most hygrophilous of North American Patrobus (Lindroth, 1961). 
They overwinter both as adults and as larvae, and the species is 
transamerican extending into the conterminous United States only 


near Lake Superior (Lindroth, 1961). 


4.1. Biology of larvae 


Introduction. - Early instar larvae were usually difficult 
to sample and much of this section is based on observations of 


third instar larvae. 


Selene DrScripuUtionsancraculvicy Of “Larvae, 1968 


I hand collected extensively from mid-May to the end of June 
in 1968 and located late third instar larvae in the following habitats: 
(1) moss covered peaty soil hummocks by the lake shore in Saltx 
habitats of the transition zone; (2) banks of moist to wet hollows; 
(3) decayed bark in the forest margins. Larvae were usually aggre- 
gated and the extent of aggregation was greatest in hummocks in 
SalteeabLttacs, ©On May 24, 196531 hand collected trom one such 
hummock and extracted 25 larvae from an area of approximately one 
Square metre and seven centimetres deep. Only occasional larvae 
were sampled between these hummocks. Some pupated by May 24, but 


most pupated by the end of June. 
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I first trapped larvae, between September 15 and September 
29, within the marsh and Saltx habitats at station 31. Between 
September 29 and October 5, larvae were first trapped in the shallow 
parts of the other marshes. The number of larvae/10 traps per day in 
the marshes at peak activity between October 6 and October 12 was 
between 1.4 and 1.6. Few larvae were trapped in the deep marsh at 
4M, i.e., in traps between 12 and 22 metres from the willows, 
though adults were active throughout the marshes in August (Table 7). 
Activity decreased by half between October 14 and October 26. By 
the last date larval activity increased in Saltx habitats and 
hollows in the transition zone. This was exemplified by a large 
increase in activity in a large hollow, 46P, 

Very few larvae of P. stygicus were trapped in the isolated 
Marsh I in comparison with the main marshes. Peak activity was 


between October 5 and October 12. 


Aes Ta PUcTOneanceaAcuUlViCy O01 ehatvae, eL90g 


Larvae were hand sampled at 311, from similar habitats as 
those in 1968, but none were collected from such habitats at other 
stations. 

On August 5 early second instar larvae were sampled from 
tussocks in shallow marsh at 45M, The sampling area at Marsh I in 
August consisted of decaying bark and some tussocks in water, 
approximately one metre deep. Further heavy rain at the beginning 


of September caused the water to cover the remainder of the 
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tussocks; larvae were then confined to the very wet logs. Larvae 
were clumped in both August and September (Table 2). 

Larvae were trapped first between September 27 and October 
5 and peak activity was between October 13 and October 18, one 
week later than in 1968. The number of larvae trapped in Saltx 
habitats between October 13 and October 18 were: within 10 
Metwes Of the marsh, 20 larvae/20 traps or 1.52/10 traps per ‘day; 
within 10 and 22.5 metres of the marsh, 3 larvae/20 traps or 
0.25/10 traps per day. By November 9 they were active throughout 
the lengths of pitfall transects (Table 3). Between then and 
November 24, activity within 2.5 metres of the frozen marsh was 
ite wAchivity practically ceased by’ the latter date for only two 


larvae were trapped between then and December 9. 
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Early second instar larvae were aggregated in tussocks 
and low lying bark in marshes in August 1969. This and the fact 


that larvae were most active in shallow marsh in 1968 indicated 
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that their main emergence sites, and therefore the main oviposition 


sites of females, were probably in marsh Carex tussocks. 

Flooding of habitats probably affected the distribution of 
larvae in the late summer and fall of 1969. Larvae were confined 
to very wet logs in Marsh I when the water covered tussocks. 
There were no fallen trees or dead logs in the main marshes, and 


tussocks were the only suitable habitats for larvae before the 
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Table 2. Numbers of larvae of Patrobus stygicus collected in quadrats 


from different habitats in 1969. 


Main marsh 


(45M) 
Aug.5 
Numbers of 
Larvae 4(II) 
Numbers of 
Quadrats 6 


Size of 
Quadrats in m2 0.20 


Mean density 
/m* 3.34 


Saltx habitats 


Aug.23 sept.1Z 


Spruce to 
sedge meadow 


(41) 


Oct. 19 


10 


0220 


Quadrats sampled in Marsh I were of necessity small because the 


sampling area consisted largely of fallen trees in deep marsh. 


Roman numerals in parentheses indicate the instar of larvae. 
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Table 3. Numbers of larvae of Patrobus stygtcus/10 traps per day 
trapped, between October and December 1969, in Salix 
habitats bordering the main marshes. 


Date 1oF Numbers of larvae/10 traps per day 
eollection 


Collected between Collected between Collected between 


Om - 10m from 12,5m — 22.5m from Om - 22 omectrom 
marsh marsh marsh 
Lex Oa ke YAN) O75 
ear (3) (5) 
Sax 1.52 O25 Ose2 
(20) (3) (23) 
205% 0.34 0.06 Orly 
(6) (ty) (7) 
99x10 Onz5 0.50 0.58 
(23) (14) (37) 
24 .xi OLS Oe.L3 0.14 
(S) (4) (9) 
O.X11 - 0.04 0.02 
(0) (1) (1) 


Traps were 2.5 metres apart in each of four transects, and there 
were 10 traps in each. Ipigures in parentheses indicate the numbers 


of larvae taken from each set of traps at each collection. 
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PA 
water covered the tussocks. I sampled early second instar larvae 
of P. stygteus from such tussocks in August 1969. The rain in early 
September caused the marsh water to cover many of the tussocks and 
so rendered them uninhabitable for larvae. However, as larvae 
occurred in Marsh I in very wet situations, flooding may not have 
caused high larval mortality in the main marshes and they may have 
dispersed into Salix habitats. By October most larvae appeared 
restricted to Saltx habitats and a narrow strip of shallow marsh. 

Aggregations decreased as larvae became more active. Peak 
activity in both years was between early and mid-October. The high 
activity of larvae in less wet parts of Salix habitats in late 
October was probably related to dispersal to drier overwintering 
sites. Late third instar larvae were aggregated in hummocks and 
bark et cetera (4.1.1.) in transition habitats in May and June. 
Larvae would not have dispersed far from their overwintering sites 
by May. Thus they either overwintered in these hummocks and bark 
Oreinethe vicinity of them, possibly in’ the soz! beneath, 

The composition of populations of larvae with respect to 
proportion of progeny of spring and summer adults differed between 
years. In 1968, most if not all of the larvae trapped were progeny 
of summer adults. Spring adults were rare that year (4.2.1.1.) and 
consequently probably left few progeny. In 1969, the populations 
of larvae probably contained progeny of both spring and summer 
adults, as the periods of reproductive activity of both spring and 


summer forms overlapped (4.2.2.2.). The second instar larvae 
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28 
sampled in the marshes in early August were progeny of the spring 
adults as spring females carried mature eggs from late May on, 
and summer adults probably did not breed until late July. Third 
instar larvae trapped from late September of 1969 on, likely included 
larvae of both spring and summer adults, as third instar larvae 
of summer adults were collected from mid-September on, in 1968. 

In summary it appears that the range of distribution of 
larvae was affected by habitat flooding and by dispersal, from 
marshes and wet parts of Saltx habitats et cetera, to drier over- 
wintering quarters. The range was greatest during the period of 
Maunerclivi tveethat, 1S<0ctober sandeleast prior to and just after 
overwintering. Larvae predominated in shallow marsh and Salix 
habitats during their period of main activity. By early winter 
they occurred mainly in drier parts of Salix habitats and were 
aggregated in hummocks, bark et cetera in these habitats the 


following spring. 


AN 2m DIOLOCyVeOreadults 
Ae lee DAS tCADULTOnmalGmd Ctl Vily. LIU} 


Introduction. - Unlike many carabid populations of drier 
habitats, a number of marsh carabids at George Lake had very dis- 
finctesanadsloca lized spupal emergence si tes a(describedwabovers4ulei.). 
I studied the habitat distribution of adults of P. stygtcus 


during the scason in relation to these sites. Traps were inserted 
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29 
close to emergence sites at Marsh I, trap system A; at 45 Ne near 
the forest margin; and at eile in Saltx habitats. Other trap systems 
in the study areas were inserted away from the vicinity of these 
emergence sites, for example trap system B in Marsh I (Fig. 3). 

I followed Grums example (1962) of comparing the sex ratio 
of adults in different age groups trapped in the different parts 
of each study area, so as to delimit the living quarters of males 
and females, throughout the season. The sex ratio is the number 
of females over the number of males and females; it ranges from 


Oto) 13 


Ae ee oUnmer eadlLlts 


Few spring adults were trapped or hand sampled in May and 
early June; none were trapped later. 

I hand sampled summer tenerals from pupal cells in peaty 
hummocks and other emergence sites between mid-June and June 30. 
Tenerals were first trapped between June 24 and June 26. The 
numbers of males and females trapped at the different stations/ 
habitats are summarized in Table 4. Before mid-July, it is evident 
that more females were trapped in stations near to emergence sites 
- 45F/P 31! and Marsh I - A, while the sex ratio of catches in 
other habitats was about 0.5. In August the sex ratio of carabids 
trapped in the main marshes was 0.5, whereas it varied in Marsh I 
IM mMULterent areas. 


The collections at Marsh I in August were characterized by a 
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yl 
high number of adults with soft elytra; 35 adults with soft elytra 
and 74 adults with hard elytra were trapped. It is interesting to 
compare the catches, between study areas in the main marshes, in 
relation to degree of wetness of habitat. In the drier marsh at 
31M the ratio of the number of adults with soft elytra to the number 
of adults with hard elytra was 3 : 6 while the ratio at 45M, the 
wetter marsh, was 4 : 42. No female dissected prior to July carried 
mature eggs. 

By August 1, adults were active throughout the main marshes 
from shallow marsh to the lakeside. Activity decreased sharply 
after August 3 and ceased after August 18; during this period few 
adults were trapped in the transition zone (Table 5). 

Some samples were taken from random quadrats of one metre? 
in the marshes in July and August, and carabids were extracted by 
treading (3.1.). Six samples were taken on each occasion and each 
sampling period corresponded to about two hours of intensive hand 
collecting. I collected four males, one male, three males, and 
one female from random quadrats on July 18, July 26, August 10 and 
August 15 respectively. On August 15, six quadrats were sampled 
and one female was obtained. 

Of the 33 adults trapped in September and October, eight 
were in Salix habitats of the transition zone, 19 were in or near 
the forest margin, and only one adult was in the marshes (Table 6). 

Possible oviposition sites. - The habitat distribution of 


females trapped in August and of larvae trapped between October 5 
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Table 5. Numbers of adults of Patrobus stygicus in each of two age 


groups, and their sex ratio, trapped in August 1968. 


Habitat (station) Adults with Adults with 
soft elytra hard elytra 


Hollow near 


forest margin (45F/P) Ope (le0) IM 1F- (0.5) 
Salix habitats (451) oe emer) 2M Yer (02934) 
Marsh (45M) 1MmeesE (0.75) 21M 21F (0.5) 
Salix habitats (31!) Bre at lO) ne Gh Op 
Marsh (31M) 2M Iie Eee (0434) 4M 2htm (0.34) 


Marsh I (22N) 
Trap system - A 6M  6F (Uz5) 7M IZP (0.63) 


Trap system - B 7M 16F (0.69) 25M 23F (0.48) 


The sex ratio is indicated in parentheses. M and F indicate males and 


females respectively. Sex ratio is defined in Table 4. 
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and October 12, in the marsh at 45M is given in Table 7. Though 
adults ranged from shallow marsh to the lakeside, most larvae were 
trapped in the first half of the line transects. Larvae were also 


active in Saltx habitats in the same Meriods (4.2 let.) . 


4.2.1.2. 88Discussion 


The catches made in the last two weeks of July (included in 
Table 4) and the month of August (Table 5) were analyzed in two 
three way tests of independence. The stage of development was 
indicated by the hardness of elytra. As described above (3.3.) 
adults with soft elytra were sexually immature and older adults 
with hard elytra were either sexually immature or sexually mature. 
Adults were classified according to three factors: sex, whether 
they had hard elytra or soft elytra, and habitat. For ease of 
calculation I employed the G-test (Sokal and Rohlf, 1969), the 
distribution of which can be approximated by the x? distribution. 

There was no significant difference between the frequencies 
of the age groups according to sex or station/habitat in July, 
but the frequencies of males and females differed according to 
habitat (Table 8). The sex ratio of adults with soft elytra and 
those with hard elytra trapped near the emergence sites were high, 
about 0.8. That is, more females of both age groups were trapped 
near these sites. The distribution of females in July was not 
correlated with oviposition sites as dissections indicated that 


females had not mature eggs until early August. By this time 
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Table 6. Numbers of males and females of Patrobus stygicus trapped 


in different habitats during September and October, 1968. 


Habitat No. of traps 
Main marshes 68 
Salix habitats 38 
Forest margin oy 
Marsh I 48 


Numbers of 


aaults 


2M 
12M 
1M 


iF 
6F 
7F 
4F 


Table 7. Numbers of males and females of Fatrobus stygicus trapped 


in August 1968, and the number of larvae trapped between 


October 5 and October 12, 1968 in the main marsh at 45M, 


No. of traps Distance Of traps 


into marsh in metres 


12 0 - 10 


1h Lp ae 


Adults 
3M 5F 
SM 5F 
SM 4F 
2M 1F 


Larvae 


Pitfalls were two metres apart in two line transects which extended 


from shallow marsh to the lakeside. M and F indicate males and 


females respectively. 
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Table 8, Summary of three way G-test of independence analysis of 
adults of Patrobus stygicus trapped in the last two weeks 


of July 1968. 


Fypothests tested Gal, G 

H x S independence 3 VI AG4** P2001 
we NY ogg ae 1 0.017 
Marsh I - A vs. - B 1 LOPSAGe PP RGAO"005 
4sF/P, 311 ys. Marsh I- A+ - B 1 1.084 

S x A independence i 2.45 

H x A independence 3 3.268 

H x S x A interaction pats: eS 

Hexeon. es independence 10 TG) 2s eee 03 


H, S, and A denote factors: habitat, sex and age group respectively. 
BRStetaskseindvcare tat the hypothesis as rejected, the level of sipniti— 


cance is shown after the asterisks. 
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36 
they had dispersed away from the area of the emergence sites. 

Of the beetles collected in August, the main period of re- 
productive activity, there was a significant difference between 
the frequencies of age groups according to sex and stations/habitats 
(Table 9). This G (approximate x*) was partitioned by grouping 
habitats into two classes, namely those in Marsh I and those in 
other study areas. A significantly greater number of adults with 
Serr elytra were trapped in the drier Marsh I than in the wetter 
apeds Ofathesmaim marshes. In thesevlatter areas ithe overall 
ratio of adults with hard elytra to adults with soft elytra was 
haem nus, most adults with hard#elytra were collected in wet 
areas. 

Larvae predominated in tussocky parts of marshes and were 
infrequently collected in Typha regions. I suggested above (4.1.3.) 
that tussocks appeared to be the only suitable sites for oviposition 
in marshes. As larvae were also active in Saltx habitats in early 
Werober, tial 15 prior to their period) of peak activity, females 


may have oviposited in shaded parts of this region also. 
A92.2,) DIStrIbUCLONs aideactr yi ty, 1969 


Introduction. - Only parts of the periods of seasonal 
activity of spring and summer adults were studied in July and 
August because of periodic flooding of traps, and much of the data 


presented were obtained from stations 45 and 46. 
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Table 9. Summary of three way G-test of independence analysis of 


adults of Patrobus stygicus trapped in August 1968. 


Hypothesis tested Clie G 

H x A independence 5 TO 30g eee OL 
Main Marsh vs. Marsh I 1 A301 eranyPpe<#0505 

H x S independence 2 7.444 

Sex ns independence 1 5.058) eee elo 

Hidwonx Avinteraction os 6.296 

H x S x A independence 16 Some e tenee 30, OL 


For explanation of symbols see footnote to Table 8. 
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Thesextenteof aggregation of adults in various habitats, in 
May ene was measured by sampling from contiguous quadrats on 
different occasions. This was related to dispersal of adults from 
the vicnity of overwintering sites to wetter habitats prior to 
the main egg laying period. To measure dispersion and 'mean 
crowding' (Lloyd, 1967) I took a series of 17 contiguous quadrats 
ofe0 .:20 metre“, on June 2 for example, in a small marshy clearing 
between Marsh I and 41N,  'Mean crowding' can be measured by the 
mean number per individual of other individuals in the same quadrat. 
Statistically, 'mean. crowding' is the amount by which the ratio of 
sample variance to mean density exceeds unity, added to the mean 


zZ 
: : = Ss 
Wenoutvyelcselt so, sms = X94 1 ( 


= - 1) (Lloyd, 1967). 


4.2.2.1. Spring and summer adults 


Extensive sampling was done in May and June of 1969 (Table 
10). Spring adults were found in aggregation under bark in shallow 
marsh in Marsh I, in shallow pools in sedge meadow at 41N on May 10, 
and in hollows near forest margins. Aggregations decreased as the 
season progressed. On May 11, the mean density, x , was 0.38 per 
quadrat or 1.5/m* and m*, the index of crowding, was 0.05 other 
individuals per quadrat per individual; this distribution approxi- 
mated to randomness. On May 29, adults were highly aggregated, x 
was 3.63/quadrat or 14.5/m* and m* was 5.14, Five males and two 
females were extracted from 17 quadrats, on June 2 in a marshy 


clearing; x was 0.41 adults per quadrat or 2.1/m2; m* was 0.65. 
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Apart from the May 10 collection, samples with a high percentage 
of females were taken from hollows (Table 10). On May 26, three males, 
11 females were collected from contiguous quadrats in shallow marsh, 
but an equal number of males and females were sampled from random 
quadrats throughout the marsh. The total number of carabids collected 
on May 26 is indicated in Table 10. 

The main emergence period of summer tenerals was from June 20 
to June 28. Their sudden appearance was illustrated by catches made 
in Salix habitats at 31! between June 24 and June 28 (Table 11). By 
the latter date, tenerals were active in pools and shallow marsh also. 
The number of spring adults and summer tenerals trapped during a 24 
hour period on June 27 and June 28 were: in sedge meadow at 41N, 21 
spring adults and three summer tenerals; in pools in sedge meadow, 

25 spring adults and four summer tenerals; in shallow marsh at Marsh I, 
two spring adults and three summer tenerals. The elytra of most summer 
adults hardened by early July, and spring and summer adults could not 
be distinguished from one another. 

Water levels decreased somewhat in July. After late July the 
number of adults trapped in Saltx habitats and shallow marsh decreased 
and the number of adults trapped in the deep marsh increased. Twenty- 
five, 21, and 21 adults were trapped in Salix habitats, shallow marsh, 
and deep marsh respectively, between July 18 and July 25. Twelve, 
four, and 48 adults were trapped in Salix habitats, shallow marsh, and 
deep marsh respectively, between July 26 and August 3. 

There was a marked decrease in numbers of adults collected in 
all habitats after mid-August. Hand collections (Table 12) and 
trapping showed this clearly, and only one adult was collected from 


under boards in September. Also, no adults were sampled from 22 
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Table 11. Numbers of spring and summer adults of Patrobus stygtcus 


trapped at 31! in sali habitats in late June of 1969. 


Spring adults Summer tenerals 
24.vi. 3M 1F 1M 1F 
US eal 3M 1F 4M 2F 
2oaVvie 2M 2F 5M AF 


Table 12. Numbers of adults of Patrobus stygtcus hand collected per 


two hours in marshes at different stations in 1969. 


Marsh I 45 46M, 47M 45M 


Jiply 9b 2 Aug .17 Aug.19 Aug. 21 
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42 
random 0.20m* quadrats in transects from the marsh - transition 
frontier into Salix habitats at 45! on October [8 nores frome!) 
samples also from 0.20m* quadrats along a transect from Spruce 1orest 
margin into sedge meadow at 41N on October 19, Neither were any 
adults hand collected or trapped in October. 

Reproductive activity. - Gravid spring females were collected 
first in late May. One male, three females of the spring adults 
sampled from quadrats on May 26 at Marsh I were dissected. One 
female carried mature eggs. A spring adult which was marked and 
released in Marsh I on August 17, 1968, was recaptured in the same 
Study area on July 17, 1969. It carried mature eggs. Egg laying 
began in late May and continued through June, July and August 
(Table 13). 

Daily activity rhythms. - Spring and summer adults were 
trapped during daily activity studies. Except for soft bodied 
summer tenerals, no attempt was made to define activity rhythms 
for the two forms. Adults were active during day and night. 
Tenerals were nocturnal mostly and were restricted to Salix habitats 
and shallow marsh. The activity rhythm of one teneral trapped in 


the tank experiment was nocturnal. 


A 22 Jee as cuss ton 


Sampling began in early May, but most spring adults had 
emerged already from their overwintering quarters. These quarters 
included bark in forest margin and Salix habitats. In May, adults 


of P. stygtcus were aggregated in the vicinity of overwintering 
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sites, for example hollows near forest margin. Aggregations de- 
creased as carabids dispersed to wetter habitats in sedge meadows 
and shallow marsh. Many males may have dispersed before sampling 
began as shown by the predominance of females in hollows in May, 
and by the different distribution of males and females in Marsh I 
on May 26. On the latter occasion, females predominated in shallow 
marsh and males were more common in deeper parts. 

Summer tenerals emerged in late June. This emergence period 
afforded me the only opportunity of delimiting the spring and 
summer adults, as the latter were characterized by very soft elytra. 
Daily activity and 24 hour studies indicated that adults of both 
forms occurred together in pools in sedge meadows, Saltx habitats, 
and shallow marsh. 

Females carried mature eggs in late May, June, July, and 
August of 1969. Those collected in May and June were spring females, 
because summer adults were not active until late June. Most gravid 
females sampled in July of 1969 were probably spring adults too, 
as: (1) no gravid summer females were collected before late July 
in 1968; (2) a spring female marked in 1968 and recaptured in mid- 
July, 1969 carried mature eggs. 

The marsh water levels decreased in mid-July and summer 
adults and possibly spring adults dispersed out into deep marsh. 
Adults were active mainly in the marshes in early August. Pitfall 
trapping, collections from boards, hand collecting, and quadrat 


counts indicated a marked decrease in numbers of SGULCS Lae. 
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45 
habitats after mid-August. This was in contrast with the late summer 
and fall of 1968 when carbids were relatively active in transition 
habitats. The 1969 data show that any one of the above sampling 
methods could be used to determine if populations were rare or 
abundant. 

A large number of adults with soft elytra were collected in 
the dry summer of 1968 (Tables 4 and 5), but relatively few in the 
wet summer of 1969. A comparison of catches made in the last two 
weeks of July, after the main period of teneral emergence, in both 
years (Table 14) shows a highly significant difference between the 
numbers of adults with soft and hard elytra trapped (G = 18.756, 

P < 0.001). Thus a significantly greater number of older individuals 
efewcol1 ected, 11 19090 she higheactivity of acults, im the deep 
marsh and the very low activity in Saltx habitats was very striking. 
This paralleled my observations of 1968, of the predominance of 


adults in the marshes during the egg laying period. 


AL Oe oO OUaLYy sOledatasot. | 960 candelJ6O9 


Spring adults were aggregated in the vicinity of overwintering 
sites in May. They dispersed to wetter habitats, such as Salix 
ones, pools in sedge meadows, and shallow marsh for breeding. Summer 
tenerals emerged in late June and occurred in the same general 
habitats as spring adults. Summer adults, and possibly spring 
adults, dispersed into deep marsh as the water levels decreased, 


The periods of reproductive activity of both forms overlapped. 
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Table 14. Numbers of adults of Patrobus stygicus with soft and hard 
elytra trapped in marsh and transition habitats between 


July 14 and July 31 in 1968 and 1969. 


Habitats 1968 1969 

Soft elytra Hard elytra Soft elytra Hard elytra 
Transition OMS 24 Ld 25 
Marsh 57 ca, 6 86 
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Females probably oviposited in shallow marsh and in wetter parts 
of transition habitats. Age composition of populations differed 
within and between years according to differences in levels of 
standing and soil water. 

Inetal lathes rangeeOteciotra DULL On narrowed. asathe beetles 


dispersed to drier areas prior to overwintering. 
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5S. Patrobus ltecontet Chaudoir 


Introduction. - This species is almost transamerican but is 
not represented on the Pacific coast. Adults occur mainly near 
standing water, many immatures are active in early summer and 


populations appear to overwinter in the larval stage only (Lindroth, 


L9G 1)" 


Sel. SUVIStributioneandeaccivity of larvae, 1968 - 1969 


Pupation sites. - The occasional late third instar larva 
was trapped in May of either year. Late third instar larvae and 
pupae were hand collected mainly from bark in litter in forest margin, 
and banks of hollows and pools, but in June of 1968 three pupae were 
hand collected from grey soil in the forest at station 34. 

Fall to early winter activity, 1968. - One larva was trapped 
between September 14 and September 28. Peak activity was between 
October 5 and October 12. Most larvae were trapped in Salix 
Woabieaese in whicn i2elarvae/S0"trapseaor 0.5/10 traps per day were 
collected, but some were trapped in shallow marshes. Few larvae 
were trapped in hollows in the transition zone before mid-October 
but their numbers there increased sharply by October 26. 

The number of larvae trapped in Marsh I was very low in 
comparison with other study areas for 0.056 to 0.060 larvae/10 
traps per day were collected in the former. These few larvae 
were trapped only in trap system B, farthest away from the 


emergence sites. 
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‘Fall to early winter activity, 1969. - No larvae were sampled 

until October 13. Between October 18 and November 9, 17 larvae per 
40 traps were trapped in Saltx habitats bordering the main marshes. 


No larvae were trapped after November 9. 


5.2. Distribution and activity of adults, 1968 - 1969 
Sie eas OnatmaCeLVity ee LIOS 


Teneralsewere hand collectedwtrom pupal cellsjaam habitats 
described above (5.1.) from mid-June to end of June. Larvae pupated 
early in June and probably late in May. 

Adults were trapped near the area of teneral emergence sites 
in Marsh I until mid-July. After this date they were trapped mainly 
in areas away from these sites (Tables 15 and 16). A comparison of 
catches made in the first two weeks of July and between mid-July and 
the end of August shows a highly significant difference between the 
numbers of adults trapped near the emergence sites and away from the 
emergence sites (G = 24.358, p < 0.001). 

Reproductive activity. - Adults came into breeding condition 
shortly after emergence. One female dissected carried mature eggs 
in June 25. The entire egg production period was not defined but 
. it likely coincided with the main activity period, between July 3 
and August 3 (Table 17). Mature eggs were found in females during 
July and August. Most specimens trapped in August were encrusted 
with heavy mite infestations. No adults were sampled after August 


in any study area. 
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Table 16. Numbers of adults of Patrobus lecontet trapped 


near and away from teneral emergence sites in 


Marsh I in 1968 


Adults trapped near Adults trapped away 


emergvencessutes from emergence sites 
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Table 17. Gonad dissections of females and males of Patrobus 


Lecontet 
1968 1969 

July Aug June July Aug 

x n n n n n 

0 1 1 f 1 

FEMALES i=. 20 3 4 2 13 5 
21 - 40 ji il i 9 5 

41 - 60 2 2 0 

=N 7 6 3 25 9 

n n n n n 

MALES Immature 0 2 0 5 0 
Mature if ys 5 14 4 

=N 1 5 5 17 4 


n = number of females or males examined 

x = number of mature eggs per female 

Females are grouped into four classes according to the number of 
mature eggs each contained. Males were classified as immature 


or mature. 
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5.2.2. Seasonal activity, 1969 


Tenerals were hand collected from mid-June on and were 
trapped first on June 20, a few days earlier than in 1968. Most 
adults were trapped in Saltx habitats, in marshy parts, e.g. Ae 
and pools in sedge meadows. Few were trapped in Marsh I and these 
were near the marsh periphery. In the shallow marsh of study areas 
adjoining the lakeside, I first trapped adults on July 9 and most 
adults were trapped after mid-July. Between July 18 and August 
3, 36 adults and 80 adults were trapped in shallow marsh and Saltz 
habitat respectively. Adults were active in the field during day 
and night throughout the season, although six adults were trapped 
in the tank experiment between 20.30 hours and 05.30 hours on 
June 27 and June 28. 

Reproductive activity. - Females carried mature eggs from 
late June into August (Table 17). The last females with mature 
eggs were trapped between August 15 and August 17. As in 1968 
no adults were sampled after late August. 

Coition occurred in long E-traps from late June to early 
August, but rarely in small pitfalls. On three different occasions 
a second male attempted to mount a female when another male was 


already copulating. 
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Though tenerals were trapped in Salix habitats, for example, 
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54 
no pupae were sampled from hummocks like those in which P. stygtcus 
pupae were found (4.1.1.). Larvae probably pupated in soil in 
Saltz habitats. As noted, pupae were extracted from bark in litter 
in forest margin, and a few from soil in deep forest. The latter 
habitat may have been atypical but these observations support my 
suggestion that larvae normally pupated below soil level. 

Adults were characterized by rapid development of sexual 
maturity, for females with soft elytra carried large immature eggs 
shortly after the main emergence period. Adults were active mainly 
in Saltx habitats and in hollows and shallow pools in sedge meadows. 
In these habitats, females carried mature eggs from late June to 
late August. The heavy mite infestations of adults sampled in 
August probably indicated old age of these beetles. None were 
collected after this month and it can be assumed that most adults 
died by the end of August. Thus, they lived for approximately 2-1/2 
months, from mid-June to the end of August. 

In 1968 adults and larvae predominated in Saltx habitats and 
hollows in sedge meadows, but individuals of both stages were trapped 
in shallow marsh. These facts indicate that the main oviposition 
sites were Saltx habitats and sedge meadows, but that some females 
may have oviposited in parts of marshes. In Marsh I most adults 
and all early third instar larvae were trapped away from the emergence 
sites of tenerals (Trap System B). These facts suggest that females 
oviposited away from the vicinity of the emergence sites, in 1968. 


Though third instar larvae were active only in Salix habitats in the 
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fall of 1969, it is not possible to infer the occurrence of main 
OViposition sites of that year, 1f females also oviposited in 
shallow marsh their larvae could have drowned or dispersed into 
Saltz habitats in August and early September. 

In summary, populations of P. lecontet overwintered as 
larvae. Larvae pupated both below and above soil surface. Tenerals 
emerged in June but few were collected, because adults were char- 
acterized by a short period of development. Females carried eggs 
in late June shortly after the main teneral emergence period, and 
egg laying continued until late August. More adults were trapped 
in sedge meadows and Saltx habitats than elsewhere. No adults were 
sampled after August, so the life span of the adults was probably 
not more than 2.5 months. Only third instar larvae were sampled 


and these mainly in transition habitats. 
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6. Patrobus foveocollis Eschscholtz 


Introduction. - Populations of this species have no asso- 
ciation with standing water and individuals are the least hygro- 
philous of North American Patrobus Lindroth, 1961). The geographical 
distribution of P. foveocollis is transamerican, and populations 


occur in easternmost Siberia also (Lindroth, 1961). 


6.1. Distribution and activity of larvae, 1968 - 1969 


Larvae were rare in the fall of 1968 and were trapped in 

Marsh I and forest margins. Four third instar larvae only were 
collected from 50 traps in Marsh I; three were trapped between 
September 29 and October 5. 

_ In 1969, one second instar larvae was extracted from bark 
in a hollow near forest margin on August 12. Third instar larvae 
were collected from under boards from September 12, and were pitfall 
trapped first between October 8 and October 12. In Saltx habitats, 
most larvae were trapped between October 13 and October 18. No 
specimens were collected after November 24 (Table 18). Larvae were 
very active in other study areas also. The number of larvae trapped 
between September 25 and October 18 were: in forest clearings 
(83W and 84W), 15 larvae/20 traps or 0.33 larvae/10 traps per day; 
in forest margins G29" 22) 20 larvae/20 traps or 0.43 larvae/10 


traps per day; and in Saltx habitats (451), 11 larvae/20 traps or 
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Table 18. Numbers of larvae of Patrobus foveocollis/10 traps per 
day trapped, between October and December 1969, in 


Saltx habitats bordering the main marshes. 


Date of 
collection Numbers of larvae/10 traps per day 
Collected between Collected between Collected between 
Om - 10m from 12.5n - 22.5m from Om - 22.5m from 
marsh marsh marsh 
12x Oar 0.19 0715 
(24 (3) (5) 
18.x 0245 OF67 0.56 
(6) (8) (14) 
26.X Ones 0.31 Oe Zi, 
(4) (5) (9) 
9.xi Q.42 0.36 OeZ3 
(4) (10) (14) 
2A OSS O23 0.30 
(S) (10) (15) 
sic pareal - = = 
(0) (0) (0) 


Traps were 2.5 metres apart in each of four transects and there were 
Logeraps tim each. lfigures in parentheses indicate the numbers of 


larvae taken from each set of traps at each collection. 
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58 
0.24 larvae/10 traps per day. 
One larva was extracted from samples of 22 random quadrats 
of 0.20 metre* taken in Salix habitats at 45! on October 20; none 
were sampled from 10 quadrats in spruce forest margin and sedge 


meadow at 41! on October Ne Be 


6.2. Distribution and activity of adults, 1968 - 1969 


Activity in 1968. - Adults were rare in the main study areas 
except for forest margins during late spring and summer. Three 
adults only were collected from traps in sedge meadow and Saltx 
habitats, but 31 were trapped in drier habitats, mainly forest 
margin. Other adults were collected from andes bark in September. 

Activity in 1969. - Spring adults were sampled from wet bark 
from waterlogged hollows near forest margin. Two females from 
these habitats carried mature eggs on May 10. Summer adults were 
active in late June and probably overlapped in reproductive activity 
with the spring adults. Egg laying extended from early May to 
early August. 

Adults were most active in forest clearings and sedge 
meadows. Between late June and early August, 66 adults were 
trapped in sedge meadow at 41N while seven were trapped in Salix 
habitats and pools and hollows adjoining the main marshes. Adults 
were active during the day and night. For example, an June 27 
and 28 seven were trapped between 0400 and 2000 hours and five 


between 2000 and 0200 hours. 
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On September 12 and September 26, five adults and two adults 
respectively were found under a total of 80 boards in sedge meadow 


and spruce forest margin at 41N, 


625. —DiScussion 


The low catch and distribution of larvae in 1968 was in 
accord with the rarity and distribution of adults. Adults and 
larvae were not associated with water in the dry substrate condi- 
tions of transition habitats in 1968, but were in the wet substrate 
conditions of 1969. The ranges of both stages expanded in 1969, 
and collections indicated that larvae were widespread in all wet 
habitat types. The high activity of larvae near the marshes in 
October 1969 indicates that females oviposited there. 

It appears that adults of this species at George Lake are 
adapted to a wide range of environmental conditions, and produce 
a greater number of progeny in wet substrate conditions, as in 
1969. Populations of P. foveoecollis are thought not to be associ- 
ated with water (Lindroth, 1961), but the local distribution of 
populations in some other parts of the species range may expand 


and contract also, according to weather changes between years. 
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7. Patrobus septentrtonis Dejean 


Introduction. - The species is holarctic in distribution 
and has the widest geographical range of the North American 
Patrobus (Darlington, 1938). There is marked geographic variation 
in habitat occupation. Eurasian populations of this species 
frequent both tundra and moist forest areas, and Icelandic ones 
occupy moist meadows (Larsson, 1959). North American representa- 
tives occur along the shores of standing water bodies on "more 
or less clayish ground with grass and Carex vegetation," and with 
the exception of those in southern Labrador, the Aleutian and 
Pribilof Islands do not frequent tundra (Lindroth, 1961). 

Icelandic populations overwinter mainly as larvae (Larsson, 


1959), and North American ones may do so also (Lindroth, 1961). 


Jeley, Destlributiongands,activatyyinel963 and 1969 


No larvae were sampled in either year. 

1968. - Few adults were trapped in June and July. Indi- 
viduals were most active from the end of July to mid-August. I 
trapped 31 adults during the season, and 24 of these were sampled 
from 50 traps in Marsh I between July 24 and August 18. Four 
adults were trapped between 1930 and 0130 hours of a 24 hour study 
on August 17 and August 18. The period of reproductive activity 
probably coincided with the main period of activity. Adults were 


collected from under bark in September. 
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1969, - Adults were trapped from early June on to mid-August. 
They were most active in the sedge meadow at 41N, Between late 
June and early August, 45 were trapped in ten E-traps at that station, 
while five were trapped in the same number of traps in Salix 
habitats adjoining the main marshes. Few adults were dissected, 
but those which were carried mature eggs in July and August. Three 
tenerals were trapped between late June and early July. Adults 
were active during the day and night. For example, on June 26 and 
June 27, nine adults were trapped between 2200 and 0400 hours, and 
four between 0700 and 2200 hours. No adults were sampled in 


September or October. 


Vee BUISCUSS1 ON 


Few adults and no larvae were collected in either year. 
It is possible that there are few or no breeding populations at 
George Lake, and that adults migrate in from areas outside the field 
station. I do not think this to be so, as adults were active and 
breeding in the same study areas each year, and were collected in 
September of 1968, apparently preparing to hibernate. Tenerals were 
sampled in both years and they would not have migrated into che 
field station easily. No adults were window trapped or observed 
in flight. Despite intensive sampling no larvae or pupae were found. 
Probably they occurred deeper in soil and so were not sampled. 
Thus, it is likely that populations of P. septentrionts are locally 


rare in comparison with those of other Patrobus species at George 
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Lake. In summary, populations at George Lake overwintered both as 


larvae and adults. 
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8. General discussion of comparative ecology 
8.1. Taxonomic characters 


A number of workers (for example, Mayr, 1963 : 59ff.) have 
stressed the importance in studying physiological, behavioural, 
and ecological characters as well as morphological ones. As a 
result of this field study a number of ecological characters of 
the Patrobus species at George Lake were defined (Table 19). 

Some of these will now be related to the taxonomy of the group. 
These examples will indicate that these closely related carabids 
are characterized by well defined mean values of both non- 
morphological characters and morphological ones. Other ecological 
characters, including lite history data and certain aspects) of 
Habatat use are summarized in Table 19. 

Adults of P. stygicus are readily distinguished from those 
of P. lecontet by for example leg colour, features of prothorax, 
and male genitalia (Darlington, 1938; Lindroth, 1961). Likewise, 
the two species are distinguished by a number of ecological 
characters: degree of hygrophily (and therefore habitat occu- 
pation of larvae and adults), age at which reproduction begins, 
maximum age at which reproduction occurs, and length of adult life 
(Table 19). 

Patrobus longtcornis Say frequents open habitats, often 
near the margins of rivers and lakes (Lindroth, 1961), and does 


not occur at George Lake. Features of habitat occupation of 
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P. stygtcus and P. lecontet (Table 19) indicate that these two 
species are more closely related to one another than either is to 
P. longtcornts; so also do morphological characters (Darlington, 
LOSS)". 

The four Patrobus species at George Lake share a number of 
ecological characters. These include overwintering as larvae only 
or as larvae and adults, and overlap in general habitat preferences 
(Table 19). These and morphological characters, which Darlington 
(1938) and Lindroth (1961) described, indicate the close relation- 


Ship Obethese species. 


8.2. Habitat occupation and life history features 


One of my objectives was to determine how closely related 
carabids divide up space in wet habitats during their lives. The 
ranges of spatial distribution of both larvae and adults of each of 
the Patrobus species differed according to time of year. The ranges 
were greatest during the beetles' periods of main activity between 
May and September, and September and November for the adults and 
larvae respectively (Table 19). The ranges were least prior to 
and just after overwintering, the periods of low activity. Habitat 
occupation of the carbids during periods of main and low activity 
are considered separately below. 

During their periods of main activity, individuals of 
P. stygicus, P. lecontet, and P. foveocolits occurred mainly in 


different zones from forest clearings to the lakeside, but there 
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68 
was overlap in general habitat occupation of all species. Larvae 
and adults of P. foveocollis predominated in drier parts of the 
transition zone, such as forest clearings. Those of P. lecontet 
occupied mainly the wetter parts of this zone, chiefly sedge meadow 
and Saltx habitats, while individuals of P. stygteus ranged into 
the wettest habitats, that is those in deep marsh. Adults of P. 
septentrionts appeared to be as hygrophilous as P. lecontet but 
Weres.o0Cally rare at George Lake and occurred chiefly in sedge 
meadows. Individuals of all four species were found in sedge 
meadows, also Salix habitats, but only P. lecontet and P. stygicus 
adults frequented large pools where there was little or no sedge 
growth. 

Habitat occupation of adults differed prior to and during 
their periods of reproductive activity. Breeding spring adults of 
P. stygieus and summer adults of P. lecontet occupied the same 
general habitats in late June and July, namely pools in sedge 
meadows, Salix habitats, and to a lesser extent, shallow marsh. 
Summer adults of P. stygitcus dispersed from these habitats into 
deep marsh in late July and August. 

The range of spatial distribution of larvae and adults 
decreased as they dispersed to drier habitats such as Salix ones, 
banks of pools, and forest margin prior to overwintering. No 


adults of P. l2eontet were found to survive past their breeding 


a 









, aa dn OEE 





7) a: 
a -_ 
AaIS “> 


2 






~ =a 


- 


69 
season, but adults of the other three species tended to occur 
together in fall and winter. Third instar larvae overwintered and 
were aggregated in spring. There were differences among late third 
instar larvae and pupae with respect to vertical distribution 
above and below soil surface. Larvae and pupae of P. stygicus 
were mainly in hummocks and bark above soil, while those of P. 
leeontet were found above and below soil. Despite intensive 
sampling late third instar larvae of P. foveocollts were sampled 
rarely and no larvae of P. septentrtonis were found. Probably, 
larvae of these latter twovspecies occurred déeper in soil and”so 
were not sampled. 

It is evident from the above data that the different habitat 
preferences of the Patrobus species at George Lake, particularly 
during their main periods of activity, were reflected mainly in 
their various horizontal distributions. Seasonal differences in 
habitat occupation have also been observed for adults of some 
marsh carabids in Britain. Dawson (1965) and Murdoch (1963) found 
clear differences in summer habitats between a number of congeneric 
marsh carabids, but observed that they overwintered together in 
drier habitats. It may be that adults of hygrophilous carabids 
normally aggregate together in dry overwintering quarters, such as 
bark instorest Margin,» but dispersesto;dittenent spring and summer 
habitats according to their respective responses to water. Thus 


congeneric carabids for example, such as those of the Patrobus 
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70 
Species at George Lake, come to occupy different habitats during 
their main breeding seasons. 

Some life history features will now be considered as 
adaptations to wet habitats (Cole, 1954). Differences in habitat 
occupation of the beetles will be related to these adaptations. 

The life history features considered in this study were stage of 
overwintering, age at which reproduction begins, and maximum age 
at which reproduction occurs. 

Cole (1954) proposed that ''a change in life history which 
would add one to the litter size would be more likely to occur 
than a change permitting repeated reproduction which in many cases 
would necessitate adjustments to survive several seasons of dormancy." 
Murdoch (1963, 1966a, 1966b) found that individuals of some marsh 
carabids he studied overwintered to a second breeding season and 
on the basis of this observation he took exception to Cole's 
suggestion. He proposed that poor breeding in one season was 
compensated for by high adult survival from the end of one breeding 
season to the beginning of the next. It is well known that some 
carabids of forest and open habitats survive to breed in their 
second season (for example, Van der Drift, 1951; Schgtz - Christensen, 
1961). Holgate (1967) pointed out that Cole's model was entirely 
deterministic. Pielou (1969 : 8) described a deterministic process 
of population growth as one which "assumes not that an organism 
may reproduce but that in fact it does reproduce with absolute 


certainty."' Holgate (1967) used a stochastic model, that i Seoue 
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in which chance mechanisms are incorporated, and found that inci- 
dence of random extinction of isolated populations are reduced by 
individuals surviving to a second breeding season. Thus, his model 
supported the field and experimental data of Murdoch (1966b). 

It is worth noting here that the majority of hygrophilous 
carabids of both Europe and North America overwinter as adults, 
and only a very few as larvae (Lindroth, 1949, 1963; Murdoch, 

1967). Murdoch (1967) suggested that eggs and larvae are not so 
well adapted as adults to withstand rising water levels in fall 

and winter in Europe. Whatever the selective pressures are that 
produce and maintain the life history pattern of adult overwinterers 
of most North American hygrophilous carabids, it would appear that 
hygrophilous carabids with different life history patterns such 

as the Patrobus species must have peculiar adaptations to wet 
habitats. 

The advantages to populations of P. stygicus and P. septentrionts 
in overwintering as both larvae and adults are probably as follows. 
If the spring adults are low or are affected by unfavorable environ- 
mental conditions, the first year summer adults will add to stability. 
Water from the snow melt ensures that favourable conditions exist 
into June of most years, for the spring adults. If unfavourable 
conditions persist throughout the season a greater number of the 
summer P. stygtcus, for example, may overwinter as sexually immature 
rather than breeding during their first year. 


Populations of P. lecontet overwinter as larvae only. ioe 
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72 
overwintering in two stages contributes to population stability in 
P. stygtcus, P. Lecontei must have other mechanisms to achieve the 
same end. It would appear that populations of this species can 
increase their botic potential only by increasing the litter size. 
Adults of P. lecontet are characterized by a short pre-reproductive 
period and a short life, while those of P. stygicus have a long 
pre-reproductive period and a longer life. Other workers (e.g. 
Murphy, 1968 with fish; Dingle, 1968 with a bug; and Tinkle et ail., 
1970 with lizards) have found that species with a short period of 
sexual development and short adult life have high fecundity. 
Possibly, P. lecontet also has high fecundity and benefits from 
early reproduction and maximizes population growth by increasing 
the rate of reproduction. Also, the sexual development of adults 
Of this species 1s possibly less affected by weather for example, 
because of their early reproduction. On the other hand, as noted 
above, P. stygteus achieves population stability by the survival of 
adults to a second season. 

Dingle (1968) pointed out that species which delay reproduc- 
tion face increased hazards in pre-reproductive life and lower 
reproductive values. However, he indicated that depressed repro- 
duction results in longer life and may buffer population fluctua- 
tions. Regarding the latter, Murdoch (1966a,5) proposed that 
poor breeding in one season was compensated for by high adult 
survival from the end of one breeding season to the beginning of 


the next. The difference in age composition of adults of P. stygtcus 
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TD 
within and between years according to differences in water levels 
(4.2.2.2.), indicate consequent effects of weather on Species such 
as P. stygtcus with delayed reproduction. 

Thus, it appears that P. Lecontei and P. stygicus evolved 
different life history features in response to different evolution- 


ary pressures generated by their different habitat occupations. 


8.3. Phylogeny 


The evolutionary interpretation of life history features 
and other ecological characters are based on Darlington's hypothesis 
of the phylogeny of the Patrobus species. He used morphological 
and zoogeographical characters. He wrote that the genus Patrobus 
probably erie eted ifpasid aloetidteciesancestOrse0ts nee present 
day North American species migrated into the continent through the 
mogtieat three times. 

He proposed that stock to arrive first was temperate, and 
that it divided into a boreal line (proto fosstfrons-lecontet) and 
a temperate line (proto longtcornts) which gave rise to P. longt- 
cornts. The former stock "then divided into a western species 
(proto fosstfrons, probably west of the rockies) and an eastern 
species (proto lecontet, probably east of the rockies)" (Darlington, 
1938). Later, proto fossifrons entered the range of P. lecontet 
by migrating eastward. The eastern and western populations of 
proto fosstfrons became isolated and differentiated, giving rise 


to the ancestors of present day populations of P. fosstfrons and 
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74 
P, stygtcus. Darlington (1938) included these four species in) tne 
same subgenus, named Neopatrobus. 

The morphological changes (for example, the male genitalia, 
pronotum, and leg size and colour) which took place during the 
evolution of the Neopatrobus group proceeded from a primitive 
extreme in P. longteornts to the derived extreme in P. stygtcus. 

The series of characters can be described as a morphocline (Maslin, 
1952). 

The ecological trends of the ancestors of this first Patrobus - 
stock that reached North America may be as follows. Patrobus 
longteornts Say frequent riparian habitats mainly, but appears 
not to be directly dependent on water. This species appears to be 
the most primitive one of Neopatrobus (Darlington, 1938) and so 
the ancestors of this line may have frequented such riparian habitats. 

The lecontet-fosstfrons-stygtcus line diverged from temperate 
habitats into wet boreal ones, with the proto-fosstfrons-stygtcus 
stock becoming the most hygrophilous. The ancestors of P. fosstfrons 
and P. stygicus dispersed into wetter habitats (marsh) than those 
frequented by the ancestors of P. lecontet. Today this is reflected 
in the segregation of P. stygtcus summer adults from P. Lecontet 
adults during the breeding season of the former. 

This change in habitat preferenda in the evolutionary history 
can be described in terms of the ecocline. This cline proceeds 
from the primitive extreme in P. longieornts which tends to be 


riparian, to P. lecontet the largely transition zone dweller ato 
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the derived extreme in P. stygteus which is a transition zone and 
marsh dweller. Thus, this ecocline extends from the primitive 
condition of least hygrophily to that of most hygrophily. It runs 
in the same direction as the morphoclines identified by Darlington 
(1933): 

Patrobus foveocollts and P. septentrtonts migrated to North 
America later than the Neopatrobus stock (Darlington, 1938). 
Patrobus foveocollis remained in drier boreal habitats than those 
entered by the Neopatrobus stock. The P. septentrionts stock 
converged ecologically with this group as they dispersed into wet 
boreal habitats. Both P. foveocollts and P. septentrtonis retained 


the primitive condition of overwintering as larvae and adults. 
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